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APPARATUS AND METHOD FOR SEPARATION OF LIQUID PHASES OF 
DIFFERENT DENSITY AND FOR FLUOROUS PHASE ORGANIC SYNTHESES 

This application is a continuing application of U. S.S.N. 60/118,377 filed January 28, 1999. 

FIELD OF INVENTION 

The present invention relates to the field of devices and methods for chemical synthesis, analysis, and 
biological screening. More particularly, the present invention relates to a simple efficient apparatus 
and method for separation of immiscible or partially miscible liquid phases of different density in high- 
throughput, organic synthesis, or for removal of liquid from the vessels (washing). The present 
invention Is particularly applicable for high-throughput combinatorial synthesis of organic molecules, 
whether as part of an automated or a manual procedure. 

BACKGROUND OF THE INVENTION 

Solid phase synthesis of organic molecules is the method of choice for preparation of libraries and 
compound megaan^ays, which are currently being applied for screening in the quest to find new drugs 
or pharmaceutical lead compounds, i.e.. compounds which exhibit a particular biological activity of 
pharmaceutical interest, and which can serve as a starting point for the selection and synthesis of a 
drug compound, which in addition to the particular biological activity of interest has pharmacologic and 
toxicologic properties suitable for administration to animals, including humans. 

Fluorous synthesis is in its principle similar to solid phase synthesis. In fluorous synthesis the certain 
component of the reaction (starting material, reagent, or product) is preferentially retained in the 
fluorine atoms containing phase due to its high content of fluorine atoms. Fluorous phase is usually the 
high density one and therefore it can be separated as the lower phase in the multiphase system. 
Manual synthesis requires repetitions of several relatively simple operations of addition of reagents, 
incubation and separation of liquid phases. This character of the synthetic process renders it optimal 
for automation. 

Several designs of automated instruments for combinatorial synthesis utilizing solid phase synthesis 
have appeared in the patent and non-patent literature. However, there is no instrument designed for 



wo 00/44491 



PCT/USOO/02233 



the fluorous synthesis, since the simple principle of separation of phases by filtration is not applicable. 

The productivity of automated instruments can be dramatically improved by use of disposable reaction 
vessels (such as multititer plates or test tube arrays) into which reagents are added by pipetting, or by 
direct delivery from storage containers. The optimal storage vehicle is a syringe-like apparatus of a 
5 material inert to the chemical reactants, etc.. e.g., a glass syringe, allowing the storage of the solution 
without any exposure to the atmosphere, and capable of serving as a delivery mechanism at the same 
time. See U.S. Patent Application Seriai No. 08/815.975, An alternative technique based on the 
removal of upper layer of liquid by suction from the surface above the separated layers is limited to the 
arrays of up to a hundred of suction needles. (For similar situation in soiid phase syntiiesis see u,o. 

10 Patent Application Serial No. 08/815.975). The present application is an improvement upon U.S. 

Patent Nos 5,202.418. 6.338.831, 5,342.585. and U.S. Patent Application Serial No. 08/815,975 which 
describe placement of resin in polypropylene mesh packets and removal of liquid through the openings 
of these packets, or removal of the liquid from the pieces of porous textile-like material by 
centrifugation, or removal of liquid phase from the solid phase by centrifugation of tilted plates. Liquid 

15 removal by centrifugation was described and is the subject of several publications (see the book 
"Aspects of the Merrified Peptide Synthesis" by Christian Birr in the series Reactivity and Structure 
Concepts in Organic Chemistry vol. 8. K. Hafner, J.-M. Lehn, C.W. Rees, P. von Rague, Schleyer. 
B.M. Trost, R. Zahradnik. Eds.. Sringer-Verlag. Beriin. Heidelt>erg, New Yori<. 1978. and Gemian 
Patent Application P 20 17351.7, G. 70 13256.8. 1970. These references describe the use of 

20 centrifugation for liquid removal from slurry of solid phase particles in a concentrical vessel equipped 
with a filtration material in its perimeter and spun around its axis. See also WO99/25470, hereby 
expressly incorporated by reference in its entirety. 

None of the prior art contemplates the separation of two (or more) immiscible, or partially miscible 
liquids of different density by removal of lighter layers of liquids by creation of "pockets'* from which 
25 material cannot be removed by centrifugal force. This technique can t>e used in situations where 
multiplicity of products are to be extracted in parallel (e.g. in parallel purification of products of 
combinatorial synthesis). However, there is a need for a simple, efficient means of separating liquid 
phases during fluorous phase synthesis of organic molecules, particularly a method amenable to use 
with automated methods for such syntheses. 

30 Furthermore, complete removal of the liquid from the multiplicity of vessels by spinning the aoay of 
wells attached with "reverse tilt" (tilting away from the axis of rotation) can find its application in 
biological assays where fast repeated washings of surface bound reagents or cells are required, and in 
applications where synthesis is done directly on the surface of the reaction vessels. 

SUMMARY OF THE INVENTION 
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In accordance with the above objects, the present invention provides methods for elimination of a 
liquid phase from reaction vessels comprising positioning a plurality of reaction vessels containing a 
liquid or mixture of liquids in a holder on the perimeter of a centrifuge rotor. The holder, and thus the 
reaction vessels, are heid in a tilted position with a tilt away from the axis of rotation. The rotor is then 
5 spun at a speed that expels the liquid from the vessels. This method of elimination can be used during 
solid-phase organic synthesis, for example synthesis of peptides or nucleic acids. Optionally, these 
steps can be repeated. Similarly, the reaction vessels may be contained in a microtiter plate or the 
reaction vessel may be a microtiter plate. 

The expelled liquid can be collected in a coiiection pocket in the holder haviRg a volume sufficient to 
10 collect and retain any liquid expelled from the vessels, or can be collected in a waste reservoir in or 
outside of the centrifuge. 

In an additional aspect, the invention provides methods of synthesis of compounds comprising 
providing a reaction vessel containing a first building block coupled to the vessel itself. The vessel is 
then positioned in a holder on the perimeter of a centrifuge rotor. A second building block is added to 
15 the vessel under conditions that allow the coupling of the first and second building blocks, and the 
rotor is spun at a speed sufficient to expel the liquid from the vessel. Optional additional steps of 
repeating the procedure or washing steps can also be included. The building blocks can include 
amino acids and nucleosides. 

In a further aspect, the invention provides methods for separating at least two immiscible or partially 
20 miscible liquids comprising positioning a plurality of reaction vessels containing the liquids in a holder 
on the perimeter of a centrifuge rotor. The rotor is then spun at a speed such that the lower layer of 
the multiphase system is retained in a "pocket" of the vessels and the upper layer is expelled irom the 
vessels. 

In an additional aspect the invention provides apparatus comprising a centrifuge comprising a rotor 
25 designed to hold reaction vessels at a tilt away from the axis of rotation and a waste reservoir 

connected to the centrifuge to hold liquids expelled from the reaction vessels. In one embodiment, the 
waste reservoir is connected to the centrifuge with a tube. The apparatus may optionally comprise a 
liquid distribution system and a computer processor. 

BRIEF DESCRIPTION OF THE FIGURES 

30 The present invention can be understood more completely by reference to the following detailed 
description, examples, appended claims and accompanying figures. 

Fig. 1A, IB and 10 illustrate separation of two immiscible or partially miscible liquid phases in a 



3 



wo 00/44491 



PCT/USOO/02233 



"pocket" of the vessels and expulsion of upper liquid layer achieved according to the method of the 
invention. Fig. 1 A illustrates the lower liquid phase and upper liquid phase in the vessel prior to 
centrlfugation. Fig. 1 B and 1C illustrate the pocket containing retained lower liquid phase layer during 
spinning (and removal of the upper liquid layer). 

5 Fig. 2A. 2B and 2C illustrate the path of liquid removed from a vessel, such as a well of a microtiter 
plate by centrifugation. The straight lip at the upper end of each well of the microtiter plate prevents 
the liquid from entering the well closer to the edge of a centrifugal plate - this well is higher and the lip 
wall is tilted in the direction to the bottom of the plate. The large arrow represents the vector resulting 
from centrifugal and gravitational forces. The small arrow with thin trailing line illustrates the direction 
1 0 of the flow of liquid removed. 

Fig. 3A and 3B illustrate an alternative emtx^diment of the invention in which a vessel having a lip 
facing inward when spun according to the method of the invention "creates" a "pocket" in which the 
lower liquid phase is retained. 

Fig. 4A, 4B and 4C illustrate the situation in which wells are tilted in "reverse" tilt and no "pocket" is 
15 formed during centrifugation. The result Is the complete removal of all liquid from the wells. 

Fig. 5 shows the UV spectra of wells before and after two steps of parallel extraction proving complete 
elimination of contamination by aromatic hydrocarbon. 

5. DETAILED DESCRIPTION OF THE INVENTION 

For clarity of disclosure, and not by way of limitation, the detailed description of this invention is 
20 presented herein with respect to figures that illustrate preferred embodiments of elements of this 
invention. However, this invention includes those altemative embodiments of these elements 
performing similar functions in similar manners that will be apparent to one skilled In the art from the 
entirety of the disclosure provided. In addition, all references disclosed herein are incorporated by 
reference in their entirety. 

25 The present invention is based on a discovery of a simple efficient means for separation of two (or 

more) immiscible, or partially miscible liquids of different density, e.g., renraval of upper layer or layers 
of liquid from lower layer, used for parallel extraction and/or in fluorous phase organic syntheses. In 
one embodiment of the invention, the fluorous phase organic synthetic protocol utilizes widely 
available, disposable reaction vessel arrays, such as microtiter style plates. In an alternative 

30 emtx)diment of the invention, the synthetic protocol utilizes a vessel with a lip facing inward (see Fig. 
2) spun around its axis to create a "pocket" in which the lower layer of the multiphase system is 
retained. According to the present invention, however, any vessel or array of vessels or plurality of 
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arrays of vessels which can be placed in a tilted position on the perimeter of a centrifuge, can be used 
in the method of the invention. The method of the invention for separating of two (or more) Immiscible, 
or partially miscibte liquids of different density during a parallel extraction and/or in fiuorous phase 
organic synthetic process comprises: (1) positioning a reaction vessel or an aaay of reaction vessels, 
5 such as a microtiter plate having an array of reaction wells, said vessel{s) containing a multilayer 

system of liquid phases, on the perimeter of a centrifuge rotor in a tilted position; and (2) spinning the 
rotor of the centrifuge at a speed so that the lower layer fills a "pocket" of the vessels and the upper 
liquid phases are expelled from the vessels. In one embodiment of the invention, the rotor is spun at a 
speed so that the centrifugal force on the radius corresponding to the reaction vessels which are 
10 closest to the axis of rotation is significantiy greaief than the force of grav^^y, and the lower layer forms 
a "pocket" of the vessels and the upper layers are expelled from the vessels. The volume of a 
"pocket" is determined by: (i) the degree of the tilt, (ii) the speed of rotation, and (iti) the distance of the 
particular reaction vessel from the axis of rotation. The appropriate combination of these factors 
determines the volume of residual liquid retained in the pocket and therefore completeness of upper 
15 layer removal. However, since it is desired that all reaction vessels in a multivessel arrangement of a 
reaction block (such as a microtiter plate) should undergo the removal of the upper layers of liquid to 
the same degree, it is important that the angle of the liquid surface in the "pocket" of the reaction 
vessels during the centrifugation is as close to 90 degrees with respect to the center of rotation as 
possible. In one embodiment, the removed liquid phase is collected on the wall of the centrifuge. In an 
20 alternative embodiment, the removed liquid phase is collected in a "collecting pocket" or a series of 
"collecting pockets*' attached at the perimeter of the centrifuge rotor. The apparatus of the invention 
comprises a holder adapted to attaching a reaction vessel or an array of reaction vessels, e.g., a 
microtiter plate, to a rotor of a centrifuge, said holder comprising one or more indentations or groves 
designated "collecting pockets'* positioned along one side of said holder said collecting pockets having 
25 a volume sufficient to collect and reta'm any liquid expelled from the reaction vessels. e.gJ the wells of 
the microtiter plate, when the holder and attached reaction vessels are spun by the centrifuge rotor. 
According to the invention, the holder can hold a single or indivkiual microtiter plate or a plurality of 
microtiter plates, each plate comprising an array of vessels. One or more of the holders can be 
attached to the rotor of a centrifuge. In another embodiment, the apparatus of the invention is an 
30 automated integrated apparatus or system for parallel extraction and/or for fiuorous phase chemical 
synthesis, comprising: (a) a centrifuge in which an array of reaction vessels suitable for parallel 
extraction and/or for fiuorous phase organic synthesis can be spun in a tilted position; (b) a liquid 
distribution device; and (c) a computer for processing a program of instructions for addition of liquid 
phase to and removal, via centrifugation. of upper layer liquid phase from the reaction vessels 
35 according to the program. 

In general, the methods and apparatus of the invention find use in combinatorial chemical synthesis. 
By way of introduction, combinatorial chemistry synthesis protocols prescribe the stepwise, sequential 
addition of building blocks to intermediate and/or partially synthesized intennediate compounds in 
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order to synthesize a final compound. In solid-phase synthesis, final compounds are synthesized 
attached to solid-phase supports that permit the use of simple mechanical means to separate 
intermediate, partially-synthesized intermediate compounds between synthetic steps. Typical solid- 
phase supports include beads, including microbeads, of 30 microns to 300 microns in diameter, which 
5 are functionalized in order to covalently attach intermediate compounds (or final compounds), and 
made of. e.g., various glasses, plastics, or resins. 

WO 99/25470. hereby incorporated by reference, describes the use of a centrifuge in solid-phase 
synthetic reactions, wherein particles of solid phase (microbeads) are contained in reaction vessels 
such as microtiier piaies. Syntliesis is achieved by the stepwise addition of "building blocks" of the 
10 biopolymer, followed by centrifugation that drives the liquid phase out of the reaction vessels yet traps 
the solid phase in "pockets". 

This general idea can be applied to differential phase synthetic reactions as well. While described for 
fluorous synthesis, one of skill in the art will appreciate that these techniques work for other phase- 
dependent synthetic methods as well. 

1 5 The principle of fluorous phase synthesis is very similar to solid phase synthesis. In fluorous phase 
synthesis one of the reagents is attached to a high fluorine content block ("fluorous tail"), which 
assures that this reactant will always have a tendency to stay in fluorocarbon based solvent layer Due 
to the fact that some fluorocarbon based solvents are not miscible (or only partially miscible) with both 
organic solvents and water and that this phase is in most cases the phase with the highest density, its 

20 properties can be used to mimic the solid phase principle of synthesis. Due to the fact that fluorous 
phase synthesis technology is at its very early stage of development, the general process for 
application in the combinatorial synthesis can be only speculated on. Fluorous phase combinatorial 
synthesis should proceed according to the following steps. In a first step, reaction vessels are charged 
with a nuorous phase, e.g. benzotrifluoride. and the first component of the synthesis (sometimes 

25 referred to herein as "the first building block") with attached "fluorous tail" (block containing high 
proportion of fluorine atoms) is delivered to all wells. Subsequently, a plurality of building block 
addition steps are performed, ail of which involve repetitive execution of the following substeps, and in 
a sequence chosen to synthesize the desired compound. First a sufficient quantity of a solution 
containing the building block moiety (e.g. the -second building block*, "third building block", etc.) 

30 selected for addition is accurately added to the reaction vessels so that the building block moiety is 

present in a molar excess to the intermediate compound (compound with fluorous tail). The reaction is 
triggered and promoted by activating reagents and other reagents and solvents, which are also added 
to the reaction vessel. The reaction vessel is then incubated at a controlled temperature for a time, 
typically between 5 minutes and 24 hours, sufficient for the building block addition reaction or 

35 transformation to go to substantial completion. Optionally, during this incubation, the reaction vessel 
can be intermittently agitated or stirred. Finally, in a last substep of building block addition, the 
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reaction vessel containing the fiuorous phase with intermediate compound attached to fluorous tail is 
prepared for addition of the next building block by removing the reaction fluid and thorough washing 
and reconditioning the fluorous phase by washing (repetitive addition and removal by centrifugation) 
with water and/or organic solvents. The limitation is that the fluorous phase must form always the 
5 lower phase of the system, which can be multilayer (multiphase). 

Washing typically involves three to seven cycles of adding and removing a wash solvent. Optionally, 
during the addition steps, multiple building blocks can be added to one reaction vessel in order to 
synthesize a mixture of compound intermediates attached to one fluorous tail, or alternatively, the 
^Qrjt^r|fe egparafg rgaQfiQrj vessels CBO. be combined and partitioned in order that multiple 
1 0 compounds can t>e synthesized in one reaction vessel. 

After the desired number of building block addition steps, the final compound is present in the reaction 
vessel attached to the fluorous tail. The final compounds can be utilized either directly attached to the 
fluorous tail, or alternatively, can be cleaved from the fluorous tail and purified by extraction. Examples 
of fluorous phase synthetic protocols can be found in the following references: Cun-an, D.P. (1996) 

1 5 Combinatorial organic synthesis and phase separation: Back to the future. Chemtracts:Org. Chem.. 
9. 75-87; Curran, D.P.. & Hoshino, M. (1996) Stille couplings with fluorous tin reactants: Attractive 
features for preparative organic synthesis and liquid-phase combinatorial synthesis. J. Org. Chem., 
61. 6480-6481; Cun^an. D.P. (1998) Fluorous synthesis: An alternative to organic synthesis and solid 
phase synthesis for the preparation of small organic molecules. Cane. J. Sci. Amer. 4. S73-S76; 

20 Cuncin, DP. (1998) Strategy-level separations in organic synthesis: From planning to practice. 

Angew. Chem. Int. Ed., 37. 1175-1196; Ogawa, A, & Cun^n. D.P. (1997) Benzotrifluoride: A useful 
alternative solvent for organic reactions cunently conducted in dichloromethane and related solvents. 
J. Org. Chem.. 62. 450-451; Studer. A., Jeger, P., Wipf. P., & Cun-an, D.P. (1997) Fluorous 
synthesis: Fluorous protocols for the Ugi and Biginelli multicomponent condensations. J. Org. Chem.. 

25 62, 2917-2924; Studer. A.. & Cunran. D P. (1997) A strategic alternative to solid phase synthesis: 
Preparation of a small isoxazoline library by "fluorous synthesis". Tetrahedron, 63, 6681-6696; 
Studer. A., Hadida. S.. Ferritto, R.. Kim. S.Y.. Jeger. P., Wipf. P.. & Curran. D.P. (1997) Fluorous 
synthesis: A fluorous-phase strategy for improving separation efficiency in organic synthesis. Science. 
275, 823-826. As for all the references herein, these are expressly incorporated by reference in their 

30 entirety. 

Accordingly, in a preferred embodiment, the invention provides methods for separation of immiscible 
or partially miscible liquid phases of different density during a parallel extraction, including a fluorous 
phase organic synthetic process. The methods comprise: (1) positioning a reaction vessel or one or 
more arrays of reaction vessels, such as one or more microtiter plates, said vessels containing an 
35 immiscible or partially miscible liquid phases of different density on the perimeter of a centrifuge rotor 
in a tilted position; and (2) spinning the rotor of the centrifuge at a speed so that the lower phase is 
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retain d in a "pocker of the vessels and the upper liquid phase(s) is (are) expelled from the vessels. In 
the case where only one row of vessels is placed at the penmeter of the centrifuge rotor, the ratio of 
centrifugal force versus gravitation determines the volume of the "pocket" used for the separation of 
liquid phases in all vessels and even very low ratio (such as 1:1) can be successfully used. The 
5 important factor is only the reproducibility of the speed of centrifugation. 

In one embodiment of the invention, the rotor of the centrifuge is spun at a speed so that the 
centrifugal force on the radius corresponding to the reaction vessels which are closest to the axis of 
rotation is significantly greater than the force of gravity so that the lower liquid phase is retained in a 
"pocket" of the vessels and the upper liquid ph3se(s) is (are) expelled from the vessels. The volume of 
10 a "pockef is determined by: (i) the degree of the tilt, (ii) the speed of rotation, and (iii) the distance of 
the particular reaction vessel from the axis of rotation. Since it is desired that all reaction vessels in a 
multivessel arrangement or array of vessels (such as a microtiter plate) should undergo the removal of 
the upper liquid phase to the same degree, it is important that the angle of the liquid surface In the 
"pocket" of the reaction vessels during the centrifugation is as close to 90 degrees with respect to the 

1 5 axis of rotation as possible. As used in the present application, the term "significantly greater than the 
force of gravity" is intended to mean that the force is at least about 5 to 300 X G, preferably about 10 
to 300 X G. and even more preferably about 100 to 300 X G. In other words, the centrifuge is spun at a 
speed so that the ratio of the centrifugal force to gravity, i.e.. the Relative Centrifugal Force (RCF) is at 
least about 5 to 300, preferably about 10 to 300, and more preferably about 100 to 300. Values of RCF 

20 significantly greater than 1 are required if individual vessels are placed at different distances from the 
center of rotation. To achieve uniform distribution of liquid in all vessels it is important to remove as 
much as possible of the upper liquid phase from all wells. The theoretical value of an angle of liquid 
surface achievable in the centrifuge versus liquid in nondisturbed state is 90 degrees. This requires a 
value of the above mentioned ratio (RCF) reaching infinity. For practical reasons, the difference 

25 between 89 degrees (ratio 100:1) or 85 degrees (ratio 18:1) may be acceptable. Acceptability of this 
value depends on the degree of the tilt determining the absolute value of the "pocket*' volume. The 
greater the tilt, the bigger the -pocker volume, and the bigger the tolerance to the different ratio values 
at different radiuses. The maximal possible value of the tilt in "fixed tiir centrifuges is 45 degrees, 
however, this tilt is completely impractical because the maximal volume of liquid in the well is equal to 

30 the volume of the theoretical "pocket'. 

Higher tilt is possible in the case of "dynamically adjustable tilt * centrifuges (centrifuges In which plate 
is horizontal in standstill state and "swings out" to a limited position during rotation). According to one 
mode of one embodiment of the method of the invention, when the reaction vessels used are one or 
more arrays of regular wells in a microtiter plate, the rotor of the centrifuge is spun at a speed so that 
35 the centrifugal force on the radius of wells closest to the axis of rotation is about 5 to 300 X G. 

preferably about 10 to 300 X G. and more preferably about 100 to 300 X G; and the angle of tilt of the 
plate is at)OUt 1 to 45, preferably 5 to 20, and more preferably 5 to 15 degrees. According to another 
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mode of this embodiment of the m thod of the invention, when the reaction vessels used are one or 
more arrays of mtcrowells in a microtiter plate, the rotor of the centrifuge is spun at a speed so that the 
centrifugal force on the radius of wells closest to the axis of rotation is about 5 to 300 X G, preferably 
about 10 to 300 X and more preferably about 100 to 300 X G and the angle of tilt of the plate is 
5 about 2 to 25, preferably 2 to 10 degrees. In one embodiment, the upper liquid phase is collected on 
the wall of the centrifuge. In an alternative embodiment, the upper liquid phase is collected in a 
"collecting pocker or a series of "collecting pockets". Fig. 1 illustrate retention of lower liquid layer in a 
"pocket" of the vessels and expulsion of upper liquid layer achieved according to the method of the 
invention. Fig 2 illustrates the path of upper liquid layer removed from a vessel, such as a well of a 

*r\ ^ff-'.inKf tin fho iinnoronH nf laarh u/plinf th^ microliter olate 

prevents the liquid from entering the well closer to the edge of a centrifugal plate - this well is higher 
and the lip wall is tilted in the direction to the bottom of the plate. The large anrow represents the 
vector resulting from centrifugal and gravitational forces. The small arrow with thin trailing line 
illustrates the direction of the flow of liquid removed from the reaction vessels. Fig. 3 illustrates an 

1 5 alternative embodiment of the invention in which a vessel having a lip facing inward when spun 
according to the method of the invention "creates" a "pockef in which the lower liquid phase is 
retained. The left portion of Fig. 1 illustrates the tower liquid phase and upper liquid phase in the 
vessel prior to centrifugation. The right portion of Fig. 1 illustrates the pocket containing retained lower 
liquid phase layer during spinning (and removal of the upper liquid layer). As detailed above, a single 

20 reaction vessel, a single microtiter plate or a plurality of microtiter plates can be used in the process of 
the present invention. 

In addition to differential phase synthesis, the present invention finds use in "reverse tilt" synthesis 
reactions. In this embodiment, the reaction vessels, for example in a microtiter plate format, are tilted 
in the direction away from the axis of rotation: that is, the open end of the reaction vessel is pointed 
25 away from the axis of rotation. The negative (or Veverse") tilt (tilt in the direction away from the axis of 
rotation) allows for the removal of all liquid content of the well. This may be done for a variety of 
reasons. In a first embodiment, this may be applicable for washing of wells, e.g. in biological assays 
when binding to the surface (or modified surface) is studied and removal of the excess of the reagents 
by repetitive washing is required. 

30 A prefen*ed embodiment for the use of "reverse" tilt is the situation wherein the synthesis is performed 
on material firmly attached to the well; that is. the material will not be expelled from the reaction vessel 
under the centrifugation conditions used in the process. In a preferred embodiment, the material can 
be a "tea-bag" type of material filled with the solid support on which the synthesis is done, or a textile 
like material; for examples of these supports see U.S. Patent No. 5.202.418, hereby expressly 

35 incorporated by reference. 

In a preferred embodiment, the synthesis is performed on one or more modified surface(s) of the 
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reaction vessel itself. In this embodiment, rather than use a solid support such as a microbead or a 
dense phase as the support for a synthetic reaction, the actual surface of the reaction vessel is used 
as the solid phase for synthetic reactions; liquid reagents are added, reacted, and then the residual 
liquid is removed via centrifugation. That is, the reaction vessel, such as a microtiter plate, may be 
5 functionalized as a solid support for the synthesis. In this embodiment, the reaction vessel may be any 
matena] that can be modified to allow synthesis; possible materials for substrates include, but are not 
limited to, glass and modified or functionalized glass, plastics (including acrylics, polystyrene and 
copolymers of styrene and other materials, polypropylene, polyethylene, polybutylene. polyur^thanes, 
TeflonJ. etc.), polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials 
10 including silicon and modified silicon, carbon, metals, inorganic glasses, and plastics, and a variety of 
other polymers. 

The functionalization of solid support surfaces such as certain polymers with chemically reactive 
groups such as thiols, amines, cartxjxyls, etc. is generally known in the art. Some examples of these 
surface chemistries for subsequent addition of building blocks include, but are not limited to, amino 
15 groups including aliphatic and aromatic amines, carboxylic acids, aldehydes, amides, chloromethyl 
groups, hydrazlde, hydroxyl groups, sulfonates and sulfates. 

These functional groups can be used to add any number of different building block nrwieties to the 
vessels, generally using known chemistries, including, but not limited to the use of amino- 
functionalized supports, sulfhydryl linkers, etc. There are a number of sutfhydryl reactive linkers 

20 known in the art such as SPDP, maleimides, a-haloacetyls, and pyridyl disulfides (see for example the 
1994 Pierce Chemical Company catalog, technical section on aoss-linkers. pages 155-200. 
incorporated herein by reference). Similarly, amino groups on the building blocks and on the surface 
can be attached using linkers; for example, a large number of stable bifunctional groups are well 
known in the art, including homobifunctional and heterobifunctional linkers (see Pierce Catalog and 

25 Handbook, pages 155-200). In an additional embodiment, carboxyl groups (either from the surface or 
from the building block) may be derivatized using well known linkers (see the Pierce catalog). For 
example, carbodiimides activate carboxyl groups for attack by good nucleophiles such as amines (see 
Torchilin et al.. Critical Rev. Therapeutic Drug Camer Systems. 7r4^ :275-308 (1991), expressly 
Incorporated herein). In addition, preferred methods include systems that allow post-synthesis 

30 cleavage from the reaction vessels. 

As will be appreciated by those in the art. the functionalizatiori will depend on the synthesis done, as 
outlined below. 

As will be appreciated by those in the art, in the reverse tilt embodiments, virtually any solid phase 
synthesis reaction may be done. Preferred embodiments include organic syntheses, including, but not 
35 limited to. peptide synthesis, nucleic acid synthesis, and small molecule synthesis. 
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In a preferred embodiment, peptides are synthesized. By "peptide" herein is meant at least two amino 
acids joined via a peptide bond. The peptide may be made up of naturally occurring amino acids and 
peptide bonds, or synthetic peptide mimetic structures. The side chains may be in either the (R) or the 
(S) configuration. In the prefen^ed embodiment, the amino acids are in the (S) or L-conftguration. If 
5 non-naturally occumng side chains are used, non-amino acid substituents may be used, for example 
to prevent or retard in vivo degradations. 

The stepwise solid phase synthesis of peptides is well known. An exemplary solid-phase combinatorial 
protocol is that for the synthesis of peptides attached to polymer resin, which proceeds according to 
Lam et aL. 1991, Nature 354:82-84; U.S. Patent 5,510.240; Lam et ai.. 1994, Selectide teDhnclogy; 

10 Bead-binding screening. Methods: A Companion to Methods in Enzymoloqy 6:372-380. Another 

exemplary protocol is that for the synthesis of benzodiazepine moieties, which proceeds according to 
Bunin etal.. 1992, J. Amer. Chem. Soc, 114:10997-10998 and U.S. Patent 5.288,514. Also, for 
protocols for the addition of N-substituted glycines to fomi peptoids. see. e.g., Simon, et al., 1992, 
Proc. Natl. Acad. Sci. USA, 89:9367-9371; Zuckermann et al., 1992, J. Amer. Chem. Soc. 

15 1 14:10646-10647; WO PCT94/06,451 to Moos et al.; Approaches for synthesis of small molecular 
libraries were recently reviewed by, e.g., Krchnak and Lebi. 1996, Molecular Diversity. 1:193-216; 
Ellman, 1996, Account. Chem. Res., 29:132-143; Armstrong et al.. 1996, Account Chem. Res.. 
29:123-131.; Fruchtel et al.. 1996. Anaew. Chem. Int. Ed.. 35:17-42; Thompson etal., 1996, Chem. 
Rev., 96:555-600; Rinnova et al., 1996. Collect Czech. Chem. Commun., 61: 171-231; Hemikens et 

20 aL, 1996, Tetrahedron, 52:4527-4554. Exemplary building blocks and reagents are amino acids, 
nucleosides, other organic acids, aldehydes, alcohols, and so forth, as well as bifunctional 
compounds, such as those given in Krchnak and Lebl, 1995, Molecular Diversity, 1:193-216. 

In a preferred embodiment, the methods and compositions of the invention are used to synthesize 
nucleic acids. By "nucleic acid" or •'oligonucleotide" or grammatical equivalents herein means at least 

25 two nucleotides covalentty (inked together. A nucleic acid of the present invention will generally 

contain phosphodlester bonds, although in some cases, as outlined b>elow. nucleic acid analogs are 
included that may have alternate backbones, comprising, for example, phosphoramide (Beaucage et 
at. Tetrahedron 49(10):1925 (1993) and references therein; Letsinger. J. Org. Chem. 35:3800 (1970); 
Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et al.. Nucl. Acids Res. 14:3487 (1986); Sawai 

30 et al, Chem. Lett. 805 (1984), Letsinger et al., J. Am. Chem. Soc. 1 10:4470 (1988); and Pauwels et at. 
Chemica Scripta 26:141 91986)), phosphorothioate (Mag et al.. Nucleic Acids Res. 19:1437 (1991); 
and U.S. Patent No. 5.644,048), phosphorodithioate (Briu etal., J. Am. Chem. Soc. 111:2321 (1989), 
0-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: A Practical 
Approach, Oxford University Press), and peptide nucleic acid backbones and linkages (see Egholm, J, 

35 Am. Chem. Soc. 114:1895 (1992); Meier etal., Chem. Int Ed. EngL 31:1008 (1992); Nielsen. Nature. 
365:566 (1993); Carlsson et al. Nature 380:207 (1996). all of which are incorporated by reference). 
Other analog nucleic acids include those with positive backbones (Denpcy el al, Proc. Natl, Acad. Sci. 
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USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023. 5.637.684, 5,602.240. 
5,216.141 and 4.469.863; Kiedrowshi et al., Angew. Chem. IntI, Ed. English 30:423 (1991); Letsinger 
et al.. J. Am. Chem. Soc. 1 10:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); 
Chapters 2 and 3. ASC Symposium Series 580. "Carbohydrate Modifications in Antisense Research", 
5 Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal Chem, Lett. 4:395 
(1994); Jeffs et a(.. J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett, 37:743 (1996)) and non- 
ribose backbones, including those described in U.S. Patent Nos. 5.235.033 and 5,034,506, and 
Chapters 6 and 7, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more carbocyclic sugars are also 
10 included within the definition of nucieic acids (see Jenkins et al., Chem. Soc. Rev. (1995) pp169- 

176). Several nucleic acid analogs are described in Rawls, C & E News June 2. 1997 page 35. Ail of 
these references are hereby expressly Incorporated by reference. These modifications of the ribose- 
phosphate backbone may be done to increase the stability and half-life of such molecules in 
physiological environments. 

15 As will be appreciated by those in the art. ail of these nucieic acid analogs may find use in the present 
invention. In addition, mixtures of naturally occurring nucleic adds and analogs can be made; 
alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally occurring nucleic 
acids and analogs may be made. 

The nucleic acids nnay contain any combination of deoxyribo- and ribo-nucleotides, and any 
20 combination of bases, both naturally occurring and synthetic, including uracil, adenine, thymine, 
cytosine, guanine, inosine, xanthine hypoxanthine, isocytosine, isoguanine, etc. A preferred 
embodiment utilizes isocytosine and isoguanine in nucleic acids designed to be complementary to 
other probes, rather than target sequences, as this reduces non-specific hybridization, as is generally 
described in U.S. Patent No. 5,681.702. As used herein, the term "nucleoside" includes nucleotides 
25 as well as nucleoside and nucleotide analogs, and modified nucleosides such as amino modified 

nucleosides or phosphoramidite nucleosides. In addition, "nucleoside" includes non-naturally occurring 
analog stnjctures. Thus for example the individual units of a peptide nucleic acid, each containing a 
base, are referred to herein as a nucleoside. 

The stepwise synthesis of nucleic acids is well known, and generally involves the stepwise addition of 
30 protected, activated nucleoside monomers to a solid support, followed by deprotection steps and 
washing steps. See generally Gait, Oligonucleotide Synthesis: A Practical Approach. IRL Press. 
Oxford. UK 1984; Eckstein, incorporated by reference. This is generally done either with 
phosphoramidite or H-phosphonate nucleosides. This is generally done in one of two ways. First, the 
5' position of the ribose is protected with 4*,4-dimethoxytrityl (DMT) followed by reaction with either 2- 
35 cyanoethoxy-bis-diisopropylaminophosphlne in the presence of diisopropylammonium tetrazolide, or 
by reaction with chlorodiisopropylamino 2'-cyanoethyoxyphosphine, to give the phosphoramidite as is 
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known in the art; although other techniques may be used as will be appreciated by those in the art. 
See Gait, supra; Caruthers, Science 230:281 (1985), both of which are expressly incorporated herein 
by reference. 

In a preferred embodiment, the reverse tilt method is used to synthesize small organic molecules. 
As will be appreciated by those in the art, the literature contains numerous examples of the synthesis 
of a variety of small molecules, particularly libraries of smalt molecules on solid-phase supports; see 
for example Pavia et al. Bioorganic & Medicinal Chemistry 1996 4(5):659-666; Liskamp et af., 
Bioorganic & Medicinal Chemistry 1996 4(5):667-672; Tong et al., Bioorganic & Medicinal Chemistry 
1996 4(5):693-698; Houghten et al., Bioorganic & Medicinal Chemistry 1996 4(5):709-715, Freier et 
al., Bioorganic & Medicinal Chemistry 1996 4{5);717-725; Bolton et al.. Tetrahedron Letters 1996 
37(20) 3433-3436, all of which are hereby expressly incorporated by reference. 

In addition, for all the reverse tilt embodiments herein, it may be desirable to use linkers to attach the 
first building blocks to the surface. 

Accordingly, the invention provides methods of synthesis using reverse tilt centrifugation. In this 
embodiment, a reaction vessel or array of vessels are provided that comprise either a pre- 
functionalized first building block or the chemistry to attach the first building block of the n>olecule to be 
made. Subsequently, a plurality of building block addition steps are performed, all of which involve 
repetitive execution of the following substeps, and in a sequence chosen to synthesize the desired 
compound. First a sufficient quantity of a solution containing the building block moiety selected for 
addition is accurately added to the reaction vessels so that the building block moiety is present in a 
molar excess to the intermediate compound. The reaction is triggered and promoted by activating 
reagents and other reagents and solvents as needed, which are also added to the reaction vessel. 
The reaction vessel is then incubated at a controlled temperature for a time, typically between 5 
minutes and 24 hours, sufficient for the building block addition reaction or transfomnation to go to 
substantial completion. Optionally, during this incubation, the reaction vessel can be intenmittently 
agitated or stirred. Finally, in a last substep of building block addition, the reaction vessel is prepared 
for addition of the next building block by removing the reaction fluid using the "reverse tilf 
centrifugation steps outlined herein and thorough washing and reconditioning as needed. Washing 
typically involved three to seven cycles of adding and removing a wash solvent. Optionally, during the 
addition steps, multiple building blocks can be added to one reaction vessel in order to synthesize a 
mixture of compound intermediates attached to one reaction vessel. After the desired number of 
building block addition steps, the final compound is present in the reaction vessel. It can then be 
optionally cleaved from the reaction vessel support; alternatively, the reaction vessels themselves can 
be used in subsequent reactions. A variety of exemplary reactions are outlined in WO99/25470. 
hereby incorporated by reference, and include reactions for peptide and synthetic peptides, 
benzodiazepine and derivatives, peptoids, N-substituted polyamide monomers. Exemplary building 
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blocks and reagents are amino acids, nucleic acids, other organic acids, aldehydes, alcohols, and so 
forth, as well as bifu notional compounds. 

The present invention also provides apparatus for organic synthesis as outlined herein. The apparatus 
of the invention comprise a variety of components, including a centrifuge and a rotor. In general, the 
5 rotor comprises at least one holder, and preferably a plurality of holders, that each will hold at least a 
first reaction vessel, and preferably a plurality of reaction vessels. 

As will be appreciated by those in the art, the reaction vessels can be configured in a variety of ways. 
In a preferred embodiment, the reaction vessels are in the form of an array of vessels such as a 
microtiter plate that contains the individual reaction vessels. Particularly preferred configurations are 
1 0 96-we(l and 384-well microtiter plates. 

As will be appreciated by those in the art. one of the important aspects of the invention is that one or 
more liquid phases are expelled from the reaction vessels upon centrifugation. Accordingly, there are 
two main ways the system may be configured to allow the collection of the expelled liquids. 

In a preferred embodiment, the holders adapted to attaching a microtiter plate to a centrifuge rotor can 
1 5 have or comprise a series of collecting pockets to collect and retain the liquid expelled from the 
vessels during centrifugation. These collecting pockets can comprise one or more indentations or 
grooves having a volume sufficient to collect and retain any expelled liquid. 

In an alternative preferred embodiment, the holder does not have collecting pockets. In the latter 
situation, the liquid expelled is deposited on the walls of the centrifuge. In this embodiment, the 
20 centrifuge is configured such that there is a collecting pocket or reservoir, generally in the bottom of 
the centrifuge, such that gravity flow of the expelled liquids causes the liquids to pool in the pocket. 
This may be periodically emptied as needed, and can comprise a port or valve that allows drainage. 

Alternatively, the centrifuge is configured to have a tube or pipe leading to a waste reservoir; this tube 
is also generally at the bottom of the centrifuge. The gravity flow of the expelled liquids can then lead 
25 to collection of the waste outside the centrifuge. 

In a preferred emtx)diment, the holder(s) hold the reaction vessels in a tilted position. The holder(s) 
may either hold one or more of the reaction vessels in a fixed tilted position or in a position in which 
the angle of tilt can be changed flexibly. 

As outlined herein, the tilt of the rotor can be towards the axis of rotation, resulting in the retention of a 
30 phase of th reaction. Alternatively, when the synthetic reaction is done on material firmly attached to 
the reaction vessel (e.g. with a force such that it will not be expelled during the centrifugation) or when 
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the reaction is done on the reaction vessel its If, the tilt of the rotor can be away from the axis of 
rotation ("reverse tilt") as described herein. 

In a preferred embodiment, each holder contains only one set or array of reaction vessels. Thus, for 
example, the holder may contain grooves or rails to position the reaction vessels, e.g. microtiter plate, 
in the holders. Alternatively, the reaction vessels may be "stacked" or "layered". However, placing 
single sets or arrays of reaction vessels such as individual microtiter plates on the centrifuge perimeter 
has an advantage of simple interfacing with liquid distribution automats (such as Packard Canberra, 
Tecan, Hamilton, and others). A liquid distribution device can be placed onto the top of a centrifugal 
synthesizer. Particuiariy preferred are liquid distribution systems for s'm.ultaneous dispensing in a 
format that fits the reaction vessel configuration; for example, when the reaction vessels are In the 
form of a 96 well microtiter plate, the liquid distribution system is preferably a 96 channel device. 

The liquid distribution system can also comprise a set of reservoirs and tubes for delivery; for example, 
the liquid distribution system can have a 96 channel liquid distributor that can deliver solvent or 
solutions of reagents from different bottles into the plate positioned under the needles of the 
distributor. For example, for nucleic acid synthesis, preferred embodiments include separate reagent 
bottles for each nucleoside. 

In a preferred embodiment, the liquid distribution system is an integrated system; that is. the liquid is 
distributed into the reaction vessels when they are present in the centrifuge; the reaction vessels are 
not removed from the centrifuge for addition of reagents. In general, the liquid distribution system is 
an integral part of the centrifuge: the liquid is delivered without removing the lid of the centrifuge. 

In addition, the apparatus of the invention can further comprise a processor or computer to control the 
synthesis of the moieties. For example, a computer may be used that processes a program of 
instructions of stepwise additions of liquid phases, reagents, solvents, washes, etc. to the reaction 
vessels, followed by centrifugation steps for removal of liquids fi^om the reaction vessels. Thus, the 
present invention provides methods executed by a computer under the control of a program, the 
computer including a memory for storing the program. The program is directed to the addition of 
reagents to the reaction vessels using the liquid distribution system, allowing incubation as needed, 
and removing unreacted reagents and liquid by centrifugation for a defined time at a defined speed, 
with wash steps and repetition as required. 

In addition to the components mentioned above, the centrifuge may also comprise additional 
components. For example, the centrifuge can comprise a sensor to signal the computer and liquid 
distribution system when a set of reaction vessels in a particular orientation, and a motor to rotate the 
rotor into the correct orientation for liquid delivery, also in control of the computer. Furthermore, in the 
case of adjustable tilt holders or rotors, the centrifuge can utilize a control and a sensor to control the 
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degree of tilt. 

The integrated device is useful as a "centrifugation synthesizer" for fluorous phase synthetic 
processes. 

The methods and apparatus of the invention find use in a number of applications, as outlined herein. 

5 In a preferred embodiment, the methods and apparatus of the present invention are advantageously 
useful for the manual or automated preparation of combinatorial libraries or megaarrays of compounds 
by fiuorous phase organic synthesis. As is well known to those skilled in the art, such combinatorial 
libraries or megaarrays have numerous uses, in particular, for the selection of pharrryaceuilcal lead 
compounds, for the optimization of pharmaceutical lead compounds and for the identification and/or 
1 0 isolation of pharmaceutical drugs. The methods and apparatus of the invention for liquid/liquid phase 
separation can also advantageously be used for parallel extraction and purification of compound 
arrays synthesized or obtained by other methods. Other applications In analytical chemistry 
(extraction, desalting or other means of parallel preparations of samples), biochemistry (parallel 
processing of samples) are envisioned, 

1 5 The use of complete removal of liquid from the arrays of vessels can be applied in the biological 

screening where binding to the surface of the vessels (modified surface by attached reagent or cell 
culture) is investigated. In this case the tilt of the vessel during the centrifugation is "reversed". I.e. no 
"pockef is formed during the centrifugation. In this case, for example, any number of binding assays 
may be done. For example, ELISA type assays are frequently done in a microtiter plate format, where 
- 20 antibodies are attached using a variety of known chemistries. The addition of sample(s) and additional 
reagent components, with washing as required, may utilize the present invention. Furthermore, in this 
embodiment, the apparatus may comprise additional components such as fluorescence readers. 

SImilariy, reverse tilt reactions can be used in synthetic reactions as outlined above, with particular 
emphasis on nucleic acid and peptide synthesis. 

25 EXAMPLE: REMOVAL OF UPPER LAYER LIQUID PHASE WITHOUT 

TRANSFER OF LOWER LAYER LtQUID PHASE 

Ten percent solution of ethanol in water saturated with toluene was distributed into wells of 
microtiterplate (40 uL per well). Ethyl acetate (150 uL) was repeatedly distributed into the wells and 
miaotiterplates were shaken for 1 minute and centrifugated in tilted an^ngement. Figure 5 shows UV 
30 spectra of wells before and after two steps of parallel extraction proving complete elimination of 
contamination by aromatic hydrocartwn. 
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WHAT IS CLAIMED: 

1 . A method for elimination of a liquid phase from at least one reaction vessel comprising: 

(a) positioning a plurality of reaction vessels containing a liquid or mixture of liquids in 
a holder on the perimeter of a centrifuge rotor in a tilted position with a tilt away from 
the axis of rotation; and 

(b) spinning the rotor of the centrifuge at a speed so that the liquid is expelled from 
said vessels. 

2. A method according to claim 1 wherein the method of elimination is employed during solid-phase 
organic synthesis. 

3. The method according to claim 2 wherein said solid-phase organic synthesis is synthesis of 
peptides, 

4. The method according to claim 2 wherein said solid-phase organic synthesis is synthesis of 
nucleic acids. 

5. The method according to claim 1 , further comprising repeating steps (a) and (b). whereby an 
organic molecule Is synthesized. 

6. The method according to claim 1 wherein said reaction vessel comprises at least one microtiter 
plate. 

7. A method according to claim 1 . wherein said rotor comprises a plurality of holders. 

8. A method according to claim 1 wherein said holder comprises at least one collection pocket having 
a volume sufficient to collect and retain any liquid expelled from said vessels. 

9. A method according to claim 1 wherein said expelled liquid is collected in a waste reservoir 
connected to said centrifuge by a tube. 

10. A method of synthesis of compounds, said method comprising: 

(a) providing a reaction vessel containing a first building block coupled to said vessel; 

(b) positioning said vessel in a holder on the perimeter of a centrifuge rotor; 

(c) adding a second building block to said vessel; and 

(d) spinning said rotor at a speed sufficient to expel said liquid from said vessel. 

11. A method according to claim 10 wherein said reaction vessel is tilted away from the axis of 
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rotation. 

12. A method according to claim 10 wherein said reaction vessel is part of a microtiter plate. 

13. A method according to claim 10 further comprising repeating steps (c) and (d) whereby an organic 
moiety is synthesized. 

14. A method according to claim 10 further comprising washing said solid support prior to adding 
additional building blocks. 

15. A method according to claim 10 wherein said building blocks are amino acids. 

16. A method according to claim 10 wherein said building blocks are nucleosides. 

17. A method for separating at least two immiscible or partially miscible liquids comprising: 

(a) positioning a plurality of reaction vessels containing said liquids in a holder on the 
perimeter of a centrifuge rotor; and 

(b) spinning the rotor of the centrifuge at a speed such that the lower layer of the 
multiphase system is retained in a "pocket" of the vessels and the upper layer is expelled 
from said vessels. 

18. The method of claim 17 wherein said plurality of reaction vessels comprise a microtiter plate. 

19. The method of claim 17 wherein said rotor comprises a plurality of holders. 

20. The method of claim 17 wherein said holder comprises at least one collection pocket having a 
volume sufficient to collect and retain any liquid expelled from said vessels. 

21. The method of claim 17 wherein said upper layer is collected in a waste reservoir attached to said 
centrifuge with a tube, 

22. The method of claim 17 wherein said holder holds said reaction vessels is in a tilted position 
toward the center of rotation. 

23. The method of claim 22 wherein the angle of tilt is less than 25 degrees. 

24. The method of claim 22 wherein said rotor is spun at a speed at which the centrifugal force on the 
radius corresponding to the vessels which are closest to the axis of rotation is substantially greater 
than the force of gravity, so that the lower layer of the multi-phase system fills the "pocket" of the 

18 



wo 00/44491 



PCT/US00/G2233 



vessels and the upper layer of the multilayer system is expelled from the vessels. 

25. The method according to claim 22, in which the rotor of the centrifuge is spun at a speed at which 
the centrifugal force on the radius corresponding to the reaction vessels closest to the axis of rotation 
is at least 20 x G. 

26. The method according to claim 22, in which the rotor of the centrifuge is spun at a speed at which 
the centrifugal force on the radius corresponding to the reaction vessels closest to the axis of rotation 
is at least 5 to 300 X G. 

27. An apparatus comprising a centrifuge comprising; 

a) a rotor designed to hold reaction vessels at a tilt away from the axis of rotation; 
and 

b) a waste reservoir connected to said centrifuge to hold liquids expelled from said 
reaction vessels. 

28. An apparatus according to claim 27 wherein said waste reservoir is connected to said centrifuge 
with a tube. 

29. An apparatus according to claim 27 wherein said rotor comprises a plurality of holders, each 
holder designed to hold at least one microtiter plate. 

30. An apparatus according to claim 27 further comprising a liquid distribution system. 

31. An apparatus according to claim 30 wherein said liquid distribution system is integrated into the 
centrifuge. 

32. An apparatus according to claim 27 further comprising a computer. 



19 




SUBSTITUTE SHEET (RULE 26) 



wo 00/44491 



PCT/USOO/02233 



2/4 




SUBSTITUTE SHEET (RULE 26) 



wo 00/44491 



PCT/USOO/02233 



3/4 




0.10 



0.10 



0.05 



T 1 

0.05 



0.00 



300.0 
280.0 
260.0 
240.0 



[nm] 



220.0 



0.00 



FIG.-5A 



ABSORBANCE 




SUBSTITUTE SHEET (RULE 26) 



wo 00/44491 



PCT/USOO/02233 



4/4 




SUBSTITUTE SHEET (RULE 26) 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
3 August 2000 (03.08,2000) 




PCT 



(10) International Publication Number 

WO 00/44491 A3 



(51) International Patent Ctassification^: BOIJ 19/00, 
B04B 5AH 

(21) International Application Number: PCr/USOO/02233 

(22) International Filing Date: 28 January 2000 (28-0 1. 2O00) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 



60/118.377 



29 January 1999 (29.01.1999) US 



(71) Applicant: ILLUMINA, INC. fUS/US]; Suite 200, 9390 
Towne Centre Drive, San Diego, CA 92121 (US). 

(72) Inventor: LEBL, Michael; 6161 Amoldson Court, San 
Diego, CA 92122 (US). 

(74) Agents: BREZNER, David. J. et aL; Hehr Hohbach Test 
Albriaon & Herbert LLP, Suite 3400, 4 Embarcadero Cen- 
ter, San Francisco, CA 941 1 1-4187 (US). 

(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, 



DM. EE, ES. Fl. GB, GD, GE, GH, GM, HR, HU, ID, DU 
IN, IS. JP, KE, KG, KP, KR, KZ, LC. LK, LR, LS, LT, LU, 
LV, MD, MG. MK, MN, MW. MX, NO, NZ, PL, PT, RO, 
RU, SD, SE, SG. SI, SK, SL, TJ , TM, TR, TT. TZ, UA, UG, 
UZ, VN, YU. ZA, ZW. 

(84) Designated States (regionaijx ARTFO patent (GK, GM, 
KE, LS, MW. SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, K2, MD, RU, TJ, TM), European patent 
(AT, BE CH, CY, DE, DK, ES, H, FR, GB. GR, IE, IT, LU, 
MC. NL. PT, SE), OAPl patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— With international search report. 

— Before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments. 

(88) Date of publication of the intemattona I search report: 

21 December 2000 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: CENTRIFUGING APPARATUS AND METHOD FOR SEPARATION OF LIQUID PHASES AND ORGANIC SYN- 
THESIS 



< 




HIGH 



2 (57) Abstract: A simple, efficient apparatus and method for separating layers of inuniscible or partiaUy miscible liquids useful in 
^ methods of high-throughput combinatorial organic synthesis or parallel extraction of large libraries or megaarays of organic com- 
^ pounds is disclosed. The method comprises: (a) positioning a plurality of reaction vessels containing a liquid or mixture of liquids 
^? in a bolder on the perimeter of a centrifuge rotor in a tilted position with a tilt away from the axis of rotation; and (b) spiiming the 

rotor of the centrifuge at a speed so that the liquid is expelled from said vessels. In a preferred embodiment an apparatus and method 
Q for separating layers of immiscible or partiaUy miscible liquids compatible witb microtiter plate type airay(s) of reaction vessels 

is disclosed. Another application of centrifugation based liquid removal was found for washing the platu in biological assays or 
^ synthesis on modified substrates. 



INTERNATIONAL SEARCH REPORT 



Intecm&tlonal Application No 

PCT/US 00/02233 



A. CLASSIFICATION OF SUBJECT MATTER , 

IPC 7 B01J19/00 B04B5/04 






According to International Patent Classification (IPC) or to botti national classification and IPC 




B. RELOS SEARCHED 


Minimum (documentation searched (classification system followed by classification symbols) 

IPC 7 BOIJ B04B 


Documentation searched other than mmtmum documentation to the extent that such documents are included in the (ields searched 


Electronic data tiase consulted during the international search (name of data base and, where practical, search temns used) 


EPO-Internal , WPI Data, PAJ 






C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Cttaton of docurrtent, with frKftcation. where appropriate, of the relevant passages 


Relevant to cfaim No. 


X 

Y 
A 


LEBL M: "A New Approach to Automated 
Solid Phase Synthesis Based on 
Centrifugation of Tilted Plates" 
JOURNAL OF THE ASSOCIATION FOR LABORATORY 
AUTOMATION, 

vol. 3, no. 3, July 1998 (1998-07), pages 
59-61, XP000920813 
the whole document 


1,2,5-7, 

17-19, 

22-26 

9,21, 
27-32 
10-16 


Y 


68 1 241 539 A (AMERICAN HOSPITAL SUPPLY 
CORP.) 4 August 1971 (1971-08-04) 
page 4, line 55 - line 60; figure 3 


9,21, 
27-32 


1 [ Further documents are listed in the continuation of box C. 


|)( 1 Patent family members are listed 


in annex 


* Special categories of cited documents : 

'A* document defining the genera) state of the ait which is not 
considered to be of particular relevance 
eariier document but published on or ahcr the tntematiortal 
filing date 

*L* docuirwnt which may throw doubts on priority ctaim(s) or 
which )3 cited to establish the publication date ol another 
citatkx) or other special reason (as specified) 

'0* document referrirtg to an oral disclosure, use. exhibition or 
other means 

•P' document published prior to the intemationat filing date but 
later than the priority date claimed 


T later document published after ttte international filing date 
or priority date and not in conftict with the application but 
cited to understarxl the principle or theory underlying the 
invention 

•X' document ol particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

*Y' document ol particular relevance; the claimed trwenttoo 

canrxM be considered to Involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stdHed 
in the art. 

document member of the same paierrt family 


Date of the actual comfXetion of the international search 

10 October 2000 


Date of mailing of the international search report 

19. 1Q m 


Name and mailing address of the ISA 

European Patent Offtce, P.8. 5818 Patentiaan 2 
NL - 2280 HV Rliswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer 

Veefkind, V 



Fom PCT/tSA/210 (i 



stwitXJufy 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


l(\t-<n«lonal Applleatlon No 

PCT/US 00/02233 


C.(ContInuBtion) DOCUMENTS CONSIDERED TO BE RELEVANT 


Categofy* 


Citation of document, with indication. where appropriate, ol the relevant passages 


Relevant to daim No. 


X 
A 


EP 0 445 915 A (CESKOSLOVENSKA AKADEHIE 
VED) 11 September 1991 (1991-09-11) 
page 4, line 31 - line 41 
page 5, line 18 - line 30; figures 2,3; 
examples 4-9 




10,13-15 
16,27 


A 


WO 90 05590 A (INST MOLEKULARBIOLOGIE AK) 
31 May 1990 (1990-05-31) 

abstract; figures 1-3 




1.8,17. 

22.23, 

27.28 


A 


US 3 586 484 A (ANDERSON NORMAN G) 

22 June 1971 (1971-06-22) 

column 3, line 35 - line 67; figures 2-6 




1,8,17, 
20,22,23 


A 


US 5 089 417 A (WOGOMAN FRANK W) 
18 February 1992 (1992-02-18) 
rolumn 5 line 20 -column 12 line 51: 
figures 1-7 




1.17 


A 


FR 2 156 519 A (IMMUNO AG) 
1 June 1973 (1973-06-01) 

figures 1,2 




1.6,12, 

17,18, 

27,29 


A 


EP 0 569 115 A (GEN ATOMICS) 
10 November 1993 (1993-11-10) 

the whole document 




1.4,6, 
12,17. 
18,27,29 


P.X 


WO 99 25470 A (TREGA BIOSCIENCES INC) 
27 May 1999 (1999-05-27) 
cited in the application 
the whole document 




1-8, 

17-20, 

22-26 



Form PCT/1SA«10 (continuttion ol woofvi «ha«| (JuJy 

pacj' z of 2 



INTERNATIONAL SEARCH REPORT 



\«hsmationa) appKcatk)n No. 

PCT/US 00/02233 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



Claims Nos.: 

because they relate to parts of the Intemaiionai Application that do not compiy with the prescribed requirements io such 
an extent that no meaningful International Search can be carried out, specifically: 



3. I I Claims Nos.: 

because they are deperxjent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authority found multiple inventions in this international application^ as follows: 

see additional sheet 



□ As all required additional search fees were timely paid by the applicant, this IrrtemationaJ Search Report covers alt 
searchable claims. 



2. I I As a)) searchable claims could be searched wittwut effort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additional search fees were timely paid by the applicant, this Intematlortal Search Report 
I — ' covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims: it is covered by claims Nos.: 



Remark on Protest 




The additional search fees were accompanied by the applicant's protest. 
No protest accompanied the payment of additional search fees. 



form PCT/IS A/210 (continuation of first sheet (t)) (July 1998) 



International Application No. PCTAJS 00 02233 



FURTHER INFORMATION CONTINUED FROM POT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-9,17-26 

Independent claim 1 and dependent claims 2-9, relating to a 
method for elimination of a liquid phase from at least one 

I bui vcooci uotii^ a v^ciivi ii uy^;^ n i vi i w ■ i \*\.\m, « v. -« w w • . 

Independent claim 17 and dependent claims 18-26, relating to 
a method for separating at least two liquids by spinning a 
rotor with reactor vessels at such speed that a lower layer 
is retained in a "pocket" of the vessels and the upper layer 
is expelled. 



2. Claims: 10-16 

Indepedent claim 10 and dependent claims 11-16, relating to 
a method of synthesis of compounds, using a first building 
block coupled to a vessel, positioning in centrifuge, adding 
second building block and centrifuging to expel said liquid 
from said vessel. 



3. Claims: 27-32 

Independent claim 27 and depedent claims 28-32, relating to 
a centrifuge with a waste reservoir connected to it. 



INTERNATIONAL SEARCH REPORT 



Informstion on patent family memtMra 



InVcr^tlonal Application No 

PCT/US 00/02233 



Patent document 




Publication 




Patent family 


Pubticaiion 


cited in search report 




date 




member{s) 


date 


GB 1241539 


A 




f u 

Cm 










DE 


2026759 A 


06-05-1971 


EP 0445915 


A 


1 1—00—1 QQ1 

11 i^yi 






1C_10-1QQ1 






AT 












CA 


2035527 A 


03-08-1991 








DE 


69111856 0 


14-09-1995 








IP 




\J X UO X77^ 








f IC 


bc.yjc.Hio A 


lo U*f li^ifo 








1 IC 


bjHZoob A 


7ft-flft— 1QQA 










rooQQOI A 


1 A-Oft— 100/ 


WO 9005590 


A 


31-05-1990 


CI 1 


1/UhooO a 


1 c.ni -1 007 






ID 




in— nc— 1 Q01 








St 


9002411 A 


1 1 —07 loon 


US 3586484 


A 


22-06-1971 


AT 


onoyioyl D 

3034^:4 o 


IC— in 1079 






DC" 


/bUob/ A 


ni— 1 1—1 070 
11 ly/u 








CH 


519170 A 


15-02-1972 








DE 


2022084 A 


26-11-1970 








ho 


0/OOCO A 


1 R-07— 1079 








FR 


Z043oio A 


1 Q nO— 1 Q71 








GB 


1260804 A 










IT 


nCAtl^O D 

9540OO D 


in nQ_iQ7i 








JP 


A AAO Al A £. D 

490Z011D D 


OO nc 1Q7VI 








NL 


/00/3il A 


or 11^1 Q70 








SE 


OC7Ai;i D 

36/0ol D 


11 OC 1 Q7VI 

io-Ub-iy/4 








SU 


3650ol A 


10 1 9—1 Q7 1 

^o-i^-iy/z 


US 5089417 


A 


18-02-1992 


US 


4892708 A 


09-01-1990 






AU 


596017 B 


12-04-1990 








All 

AU 


iobU4oo A 


OC— 01 -1 QflO 








CA 


1310624 A 


l/l — 1 1 _1 QQ1 

^14 1 1 lyyt 








DE 


3882828 A 


09-09-1993 








DE 


3882828 T 


11-11-1993 








EP 


0297394 A 


04-01-1989 








ES 


2041739 T 


01-12-1993 








T 1 

IL 


Q£0QO A 










1 D 

Jr 


inOCACQ A 
iDcOVDo A 


97_n 1 _1 QflQ 


FR 2156519 


A 


01-06-1973 


AT 


308712 B 


15-06-1973 






DE 


2201542 A 


12-04-1973 








DE 


7138794 U 


27-01-1972 


EP 0569115 


A 


10-11-1993 


JP 


6034628 A 


10-02-1994 


WO 9925470 


A 


27-05-1999 


US 


6121054 A 


19-09-2000 






AU 


1415499 A 


07-06-1999 








EP 


1032469 A 


06-09-2000 





Foon PCT/lSAfllO (patent lamiV WKWt) (Ju»y 19«) 



